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FOREWORD

This document is submitted in accordance with the r_quire-

ments of Technical Reports, Line Item No. 8 of Data Require_uL,nts

List, Annex I to Exhibit A, Statement of Work Payload Integration
of Contract NAS8-24000.

This report is in response to PL 2082, Volur,_e I Rev D, Work

Breakdown Structure No. 1311 Document Sequence No. 62, Item 4_,

Skylab Interior Acoustic Environment Report.
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i. SCOPE

I.i Purpose - This report presents a description of the

work performed and the results obtained under WBS/Task No. 1311-62,

SWS Subsystem Interior Acoustic Levels - Orbital Conditions,

during the time period from I December 1971 to 29 February 1972.

1.2 Scope - This report updates, where applicable, the

task objectives, identification and location of noise sources,

mapping of the acoustical environment, and potential problem

areas which were presented in the previous report.

1.3 Summary - Equipment and experiments have been reviewed

and updated for applicable noise sources. The available acoustic

data from these noise sources are presented and, where sufficient

information was available, have been converted to estimated sound

pressure levels in the Skylab Interior.

Skylab Interior acoustical noise limits which are considered

acceptable for continuous exposure have been established by the

Medical Research and Operations Directorate. The estimated sound

pressure levels (SPL's) for the Skylab Interior have been compared

to the acoustical noise limits to allow a determination of which

noise sources may produce SPL's which presently exceed the noise

limits.

In addition to individual noise sources, analyses were

performed to determine the effects of additive acoustic levels at

applicable crew work stations and rest stations. Comparisons of

the data are presented in several forms, primarily as octave band

SPL's versus frequency and in terms of Speech Interference Levels

(SIL's).

Conclusions and recommendations based on the results of this

report are included, and potential problem areas are identified.

2. APPLICABLE DOCIDIE NTS

The following documents, of exact issue shown, ,_re _]pplicable

to the extent specified herein.
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Contractor
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Colorado, 30 Now, tuber 1971.



, TASK DESCRIPTION

3.1 Task Objectives - The primary task objectivu is to

coordinate with NASA/MSFC and equipment contractors to assure

compliance with the requirements established by the Medical

Research and Operations Directorate. To achieve the primary

objective, the following tasks are being performed and the results,

where applicable, are included in this report.

3.1.1 Identify and locate noise sources applicnblu to the

Saturn Workshop (SWS) orbital configuration. Determinu the

frequency of use and duration of operation of noise sou_'ces as

a function of mission profile time. Maintain and update maps of

the acoustic environment for the Skylab interior based on

currently available data in order to identify potential problem

areas.

3.1.2 Coordinate with Marshall Space Flight Center (MSFC),

Manned Spacecraft Center (MSC), and equipment contractors to

establish test methods, measurement requirements, locations, and

time/line schedules for obtaining noise level measurements during

the Skylab mission.

3.1.3 Update analyses as required to evaluate the effects

of additive noise sources at crew work stations and rest stations.

These analyses shall reflect nominal continuous levels and

maximum levels resulting from equipment/experiment operation

during the mission profile.

3.1.4 Participate in test planning and measurement

requirements for IMC and Post Landing Ventilation (PLV) fans to

be tested at MSFC and McDonnell Douglas Company-Eastern Division

(MDAC-E). Analyze data and determine the suitability of use of

IMC fans considered for use as backup units for the PLV fans.

Evaluate the effect of IMC fan acoustical characteristics on the

Skylab interior noise environment.

3.1.5 Coordinate with MSFC and _DAC-E to establish test

plans and measurement requirements for noise system verification

tests to be conducted during the System Acceptance Tests (SAT)

of the Airlock Module/Structural Transition Section/Multiple

Docking Adapter (AM/STS/MDA) at 14.7 psia in the MDAC-E w_cuum

chamber. Monitor tests, analyze reduced data, and correlate

results with Skylab interior noise environments.
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3.1.6 Monitor tests and perform analyses of acoustic data
from equipment items operating inside the U1 (first AM/STSflight
article) during the SATat 5.0 psia. Computethe additive effects
of equipment items operating during the test and other Skylab
noise sources. Correlate test results with interior noise level
criteria.

3.1.7 Reviewand evaluate the results of the Audiological
AnnoyanceSyndromeStudy for Skylab performed by Stanford Research
Institute (SRI). Correlate results with the Skylab interior
noise environment.

3.1.8 Coordinate with MSFCand MSCin defining acoustic
measurementrequirements during the Skylab Medical Experiment
Altitude Test (S_AT) at MSC. Monitor tests and correlate noise

levels and crew annoyance and/or communications problems with the

SRI study (see para. 3.1.7) and the Skylab acoustical environment

and mission profile.

3.1.9 Review and correlate results of acoustic measurements

from subsystem tests in the Orbital Workshop at McDonnell Douglas

Astronautics Company-Western Division (_AC-W).

3.1.10 Analyze interior noise level measurements obtained

during the mission and correlate results with predicted levels.

3°2 Skylab Acoustic Criteria - Acoustic criteria have

been established applicable to both sound pressure levels (SPL's)

and sound power levels (PWL's). These criteria have been described

in reference 1 and are repeated in the following paragraphs.

3.2.1 Acoustical Noise Criteria - The noise limits for

continuous exposure which have been established by the Medical

Research and Operations Directorate are indicated in figure I.

This figure is repeated from the interim report dated July I, 1970

(see reference _) in order to incorporate all pertinent current

data in a single document. These levels are applicable for any

noise source or combinations of noise sources operating c_ntinuouslv

during orbital conditions. In order to ensure that the additive

effects due to combinations of noise sources do not exceed these

levels, the levels specified in figure 1 are applicable to indivi-

du;11 items of equipment operating at standard atmospheric conditions

(14.7 psi and 68°F). (For comparison purposes, figure I levels are

_ndicated in some of the figures, together with data applicable to

a 5.0 psi atmosphere).



3.2.2 Fan/Muffler Sound Power Level Crit_ria - A l'evised

sound power level (PWL) has recently been issued (see reference 3).

This document revises previous l_qL criteria applicable to >IDA F_n/

Muffler assemblies, which had been described in L'efercnce 3. A

comparison of the revised criteria and the origin_ql criteria at'e

indicated in figure 2. A comparison of the resulting MI)A SPL's

from these I_#L criteria was described in paragr_iph 3.'].2 of
reference i.

3.3 Noise Sources - Acoustic data applicnble to individual

noise sources have been well documented in previous reports (see

references I, 2, 4, 5, and 6). This section summ_rizes _nd up-

dates, where applicable, these data.

The data are presented in terms of noise sources associnted

with either the AM/STS, MDA, or the OWS.

3.3.1 Airlock Module/Structural Transition Section -

Acoustic data applicable to the AM/STS haw, been desc_'ib_,d and

presented in refe_-ence I. Modifications to these data _t-_'

presented in this section.

3.3.1.1 OWS Cooling Module Fan/Muffler - This noise sotu'cc

is located in the AM and is treated as a continuous noise source.

The estimated octave band sound pressure levels (O.B. SPL's) in

the AM/STS due to this noise source are indicated in figure 3.

Figure 3 reflects an update to figure 12 in reference i :ind is

due to the incorrect inclusion of pressure effects in the, 125 _nd

250 hertz octave bands at 5.0 psia. These corrections h_vc also

been applied to the Teleprinter and Cabin U_,at _ixch_n_er F_n/

Muffler SPL's in the 125 and 250 hertz octav¢, b:!nds. Thc,<_

corrections are applicable only to the AM/STS SPL's pr¢,s_,t_ted in

this report.

3.3.1.2 Teleprinter - This noise source, i_ loc:_ted in the

Structural Transition Section (STS). It is an intermittent noise

source, however it may be activated during _stronaut sle_,p pet'iods.

The estimated O.B. SPL's in the AM/STS due to this noise source

have been upd,qted from figure 6, of reference i, :_nd tht, results

are indicated in figure 4. Additional updates to the, :_coustic

data shall be incorporated upon completion of _odifications

presently being performed by MDAC-E.

3.3.1.3 Cabin Heat Exchanger Fan/Muffler - This noise

source is located in the STS and is considered to be a continuous

noise source. Estimated O.B. SPL's in the A>I/STS due to this



noise source are indicated in figure 5, which is an update to
figure 8 of reference I.

3.3.1.4 OWS Interconnect Duct Fan/Muffler - This noise

source is located at the AM/STS interface and is considered to

be a continuous noise source. Estimated O.B. SPL's in the AM/STS

due to this noise source are indicated in figure 6, which is an

update to figure I0 of reference i. Included in figure 6 ;ire the

estimated O.B. SPL's utilizing the experimental r44L obtained

recently from _[DAC-E. These PWL data are indicated _n Table I.

No updated I_L data applicable to a 14.7 psJa atmospheric T_ressure

are presently available.

3.3.1.5 Condensing Heat Exchanger - This noise source is

located in the STS. Estimated O.B. SPL's in the AM/STS _Ipplicable

to this noise source are indicated in figure 7, which is an update

to figure 14 of reference I. Included in figure 7 are the estimated

O.B. SPL's utilizing the experimental I_4L obtained recently from

MDAC-E. These I_4L data are indicated in Table I. These experimental

l_#L's were obtained by MDAC-E after several modifications had

been made, the primary one being incorporation of isolators in the

suit compressor installation to reduce metal to metal contact.

No updated I_4L data applicable to a 14.7 psia atmospheric pressure

are presently available.

The acoustic data for this noise source, described in figure

7 of this report and figure 14 of reference i, are applicable to

one compressor in one module. Since during nor_al operations one

compressor in each module (unit) will be performing a baking

function while the other compressor in the other module will be

performing a cooling and condensing function, the acoustic data

referred to above should be increased by three decibels to include

operation of two compressors simultaneously. The remaining tv:o

compressors (one in each module) are expected to oper;_te as
backups.

The Condensing Heat Exchanger has been considered as an

intermittent noise source in this and previous reports. Recent

information, however, indicates that the compressors operate

continuously, which would cause this to be a continuous noise
source.

3.3.2 Multiple Docking Adapter - Acoustic data applicable

to the Multiple Docking Adapter (MDA) have been previously

described in references 2, 4, and 6. The only significant noise

sources located in the MDA, and analyzed to date, have been the

three Fan/Muffler Assemblies.



Experiment S009, a Nuclear Emission experi_ent, is also
located in the YIDA and had previously been identified as a
noise source which had been quieted considerably by the repl:_cemunt
of metal gears by LEY_\Ngears (LEXANis a type of plastic having
properties similar to nylon). It has recently been questioned,
however, whether adequate noise reduction w:_sobtained by replace-
ment of the gears. Acoustic data has been requested in or_ler to
adequately define S009noise characteristics.

3.3.3 Orbital Workshop- A total of twelve noise sources
have been identified in the OWS. Six of these noise sources are

directly applicable to the OWS, while six are experiments opernted

or located in the Ov_S. The six noise sources di_-ectly applicable

to the OWS are described as follows:

a , Three Ventilation Control System (VCS) Fan Clusters:

Three specific sources constitute the VCS noise source,

which is treated in the analyses as a continuous noise

source•

b. Refrigeration System: This item is trented as a

continuous noise source.

C • _)dor Fan: This item was refered to in previous reports

(see references 4 and 6) as the Waste Mana_<ement Blower.

It is treated as an intermittent noise sou_'ce.

d." Fecal Collector: This item is treated as an intermittent

noise source and consists of two distinct noise sources,

described as follows:

I) Collector P_er Module Output,

2) Centrifugal Urine Separator.

e • Three Portable Fans: The portable E_ns are treated

as intermittent sources, although the possibility

exists that they may be operated continuously.

f. Suit Drying Station: This item is treated as an

intermittent noise source.

No new data or information has been obtained applicable to

items (a) through (f). PWL's and estimated SPL's for these noise

sources are described in reference I.



3.3.3.1 OWS Experiment Noise Sources - In additio_ to the

six noise sources from equipment items located in the C_qS, six

experiments also located in the OWS haw _ been identified as

intermittent noise sources. The noise sources are described as

follows :

a. M509 Thrusters,

b. T020 Nozzles,

c. MI71 Ergometer,

d. M074 Specimen Mass Measurements,

e. M172 Body Mass Measurements,

f. MI31 Revolving Chair.

3.3.3.1.1 M509 Thrusters and TO20 Nozzles - The PWL's ;lad

SPL's applicable to the M509 Thrusters and the TO20 Nozzles are

indicated in Table III and figures 35 and 36 of reference i. For

the M509 Thrusters, SPL's were estimated for t_o possible operating

conditions. The first condition consisted of one nozzle operating

at 4.3 pounds thrust and the other condition consisted of a

combination of nozzles yielding a maximum thrust of 15.8 pounds.

The TO20 SPL's were also calculated for two operating

conditions, one nozzle operating (one pound of thrust) and four

nozzles operating (four pounds of thrust).

3.3.3.1.2 MI71 Ergometer - The MI71 Ergometer acoustic

analyses presented in reference i were based on PWL data obtained

from OWS Mockup Tests (see references 2 and 4). During Ergometer

operation SPL measurements had been obtained from a microphone

located at the operator's ear. Equation (i) was used to estimate

the l_L's applicable to the Ergometer.

I_TL = SPL + I0 loglOV -I0 loglo (P/Peel) -i0 lOgloT60 -19.6 dB, (I)

where V = internal volume of the enclosure, in cubic feet,

P = ambient pressure in the enclosure, in psia,

Pref = reference ambient pressure -- 14.7 psia,

T60 = reverberation time, at either 14.7 or 5.0 psia.

Equation (I) is only applicable for reverberant sound energy effects,

however, since it assumes direct energy effects to be negligible.

A I,irtl_ r study of the Ergomet(r test d;,ta described above Jnd[c,ates

[ll:_t, _l_i_ to lhc close pro×b_[ty o[ th_ _Jcrophone to the noise

source (;_pproximately three feet), direct sound energy effects are

indeed significant. The expression incorporating both direct and

reverberant effects is indicated ;_s follows:



i I _" I -0 5 d]_I_VL = SPL -I0 lOgl0 4_r
--_ + R "

(see reference 7)

where r = distance from the center of the noise source t_ the

microphone, in feet,

R _ room constant, in square feet.

(2)

The resulting Erogometer l_4L's using equation (2) rather

tha'n equation (i) are indicated in Table If. The origin_11 l_4L's

utilizing equation (I) are also included for co_iparison purposes.

SPL's in the OWS due to operation of the Ergometer were

calculated using the l_4L's obtained from equation (2) in equation

(3), indicated as follows:

SPL = PWL -I0 lOgl0 V +i0 logl0 (P/Pre[) +I0 loglO T60 +19.6 dB. (3)

The resulting SPL's are indicated in figures 8 and 9.

3.3.3.1.3 M074 and M172 Body Mass Measurements - The M074

Specimen Mass Measurements and M172 Body Mass Measurement experi-
ments have been identified as intermittent noise sources. The

experiments include an electronic counter which emits a high

frequency noise. The only acoustic data presently aw_ilable are

two A-weighted measurements obtained from a sound level meter.

These measurements are applicable to a flight unit electric
counter and indicate a maximum of 88 dBA in the immediate

vicinity of the counter and approximately 80 dBA in the area of

the crewman's head for the M172 experiment, No additional acoustic

measurements are presently scheduled to be obtained.

3.3.3.1.4 MI31 Revolvin_ Chair - The MI31 Revolvin_ Chair

experiment is expected to be sn intermittent noise source. No

acoustic data or estimates of the PWL's associ:_ted with tl_is

experiment are presently available.
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3.4 Composite Noise Source Acoustics - Corrected sotu_d

pressure levels for applicable sections of the Skylab configu_'ation

due to operation of the OWS Interconnect Duct Fan, Condensing lleat
Exchanger and the Ergometer are presented in this section. SPL's

for each receiving space due to oper_tion of the ot1_er Skylab

noise sources are not discussed in this report, due to LheiL"

inclusion in reference i. Since the Interconnect Duct Fan is a

continuous noise source, the revised composite SPL's du_, to

operation of continuous noise sources are also presented for
each section.

In order to represent the Skylab interior acoustic environ-

,llent in a more re_11istic manner than by using th__ AM/STS and MDA

contractor divisions, the MDA and STS h_ve been co_bint, d ;_s on¢_

acoustical space and the AM as a separclte :_coustical sp;_ce. The

reasons for these changes are discussed in further detail in

reference I.

The following paragraphs describe the '_ethod used to calculate

the SPL's in each section due to these individual and composite

noise sources. SPL's (both individual and composite) are presented

in figures I0 through 22.

3.4.1 Multiple Docking Adaptor/Structural Transition Section

(MDA/STS) - Since the acoustical spaces used in this analysis have

been redefined from the MDA and AM/STS to the AM and MDA/STS

sections, the resulting SPL's in the MDA/STS will be different from

the SPL's in the AM/STS. The following paragraphs describe tl_ese

differences for the updated noise source.

3.4.1.I MDA/STS SPL's Due to AM/STS Noise Sources -Sound

pressure levels in the MDA/STS due to the Interconnect Duct Fan

and Condensing Heat Exchanger were estimated using equation 3 and

the appropriate MDA/STS room constants. The resulting SPL's, due

to operation of the OWS Interconnect Duct Fan, are indicated in

figure I0 for a 5.0 psia ambient pressure. Both the updated and

originally estimated SPL's are shown. It can be seen that the

SPL's do not exceed the Skylab Interior Noise Criteria. Figure II

indicates the original and revised SPL estimates in the MDA/STS

due to operation of the Condensing Heat Exchanger at 5.0 psia. The

revised SPL's do not exceed the noise criteria, whereas the

previously estimated SPL's did exceed the criteria by a significant

margin above I000 hertz.
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3.4.1.2 MDA/STS SPL's Due to OWS Noise Source - To obtain

an estimate of the sound pressure levels in the MDA/STS due to

noise sources located in the OWS, the following expression,

described in reference I was applied:

I_L 2 = PWL I +i0 lOglo S(__._I) - TL

where PWL I = noise source PWL located in room I,

I_#L2 = PWL of noise source applicable to room 2,

Sw = area of common wall between rooms I and 2,

R I = room constant of room I = S_/(I-_ =_ .049VI/T60,

TL = transmission loss of common wall = 0 for an open

passage,

_= absorption coefficient.

Combining equations (4) and (I) yields the I_L of the noise source

applicable to room 2 in terms of the SPL in room i:

+ Sw - I0 loglO_P _-TL.

PWL 2 = SPL I I0 lOgl0 _'- \_refJ

2
The surface area of the passage between the AM and STS is 23 ft

and the area between the AM and OWS is 8.9 ft 2.

Equations 5 and 3 were then used to estimate the SPL in

the MDA/STS due to the Ergometer, located in the OWS. The resulting

SPL's are presented in figures 12 and 13 for ].4.7 psia and 5.0 psia,

respectively. At 14.7 psia, the estimated SPL's exceed the Skylab

Interior Noise Criteria in the 250, 500 and I000 hertz octave

bands, while at 5.0 psia the SPLs exceed the criteria by less

than one decibel in the I000 hertz octave band. It should be

noted that the Ergometer is an intermittant noise source, and the

criteria is applicable to continuous noise sources.

3.4.1.3 MDA/STS Composite SPL's Due to Continuous Noise

Sources - The Interconnect Duct Fan is presently the only continuous

noise source with power levels updated from reference I. Thus

the resulting composite SPL's due to continuous noise sources have

changed only slightly from the SPL's given in reference I. Figure

14 indicates the SPL's due to the OWS, AM, and MDA/STS continuous

noise sources and the resulting composite SPL's at 5.0 psin.

(4)

(5)
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The composite SPL's exceed the criteria by less than 3 dB in the

500 and 2000 hertz octave bands and by approximately 6 dB in the
i000 hertz octave band.

3.4.2 Airlock Module (AM) - The sound pressure levels in

the AM due to operation of noise sources in the OWS and MDA/STS

were estimated using equations 3 and 5 and the appropriate room

parameters.

3.4.2.1 AM SPL's Due to MDA/STS Sources - Figure 15

indicates the SPL's in the AM due to operation of the (_4S

Interconnect Duct Fan, located in the MDA/STS, at 5.0 psia. The

SPL's are significantly less than the Skylab Interior Noise Criteria

for all octave bands. The SPL's in the AM due to the Condensing

Heat Exchanger at 5.0 psia ambient pressure are presented in figure

16. These octave band SPL's also do not exceed the noise criteria.

3.4.2.2 AM SPL's Due to OWS Noise Source - Figures 17 and

18 indicate the SPL's in the AM due to the intermittent operation

of the Ergometer at 14.7 and 5.0 psia. At 14.7 psia the SPL's

exceed the Skylab Interior Noise Criteria, which is applicable to

continuous noise sources, in the 250 through 2000 hertz octave

bands. At 5.0 psia the SPL's exceed the criteria in the 250, 500
and i000 hertz octave bands.

3.4.2.3 AM Composite SPL's Due to Continuous Noise Sources -

The SPL's in the AM due to operation of continuous noise sources

located in the MDA/STS, AM, and OWS at 5.0 psia are presented in

figure 19. The SPL's due to the OWS and MDA/STS noise sources _ir_

less than the Skylab Interior Noise Criteria, while tile SPL's due

to the AM noise source, identified as the (_4S Cooling Module,

exceed the criteria in the 500, I000 and 2000 hertz octave bands.

3.4.3 Orbital Workshop (OWS) - The remodeling of the AM

and MDA/STS sections does not affect the acoustical properties of

the OWS section. Equations (4) and (5) were used with equation (3)

to estimate the SPL's in the OWS due to noise sources located in

the STS.

3.4.3.1 OWS SPL's Due to MDA/STS Noise Sources - The SPL's

due to the OWS interconnect Duct Fan at 5.0 psia are indicated

in figure 20, and the SPL's due to operation of the Condensing

lleat Exchanger are indicated in figure 21. The SPL's produced by

these two noises do not exceed the Skylab Interior Noise Criteria.
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3.4.3.2 OWS Composite SPL's Due to Continuous Noise

Sources - The estimated octave band sound pressure levels in the

d#S at 5.0 psia due to all continuous noise sources are presented

in figure 22. All continuous noise sources produce SPL's in the

OWS less than the noise criteria, and the resulting composite SPL's

are also less than the criteria.

3.5 Skylab Acoustical Environment Map - An update to the

preliminary mapping of the Skylab interior acoustic environment

during orbital operations is discussed in the following p_iragraphs.

In addition to locating Skylab noise sources, speech interference

levels in each Skylab section due to operation of the upd_ited

noise source data are presented.

3.5.1 Skylab Equipment and Experiment List - Tabulations

of the Skylab equipment and experiments are indicated in Tables
III and IV and include several additions to the tabulations

described in reference i. The noise sources identified to date are

indicated with an arrow or asterisk in these tables. It should

be noted that acoustic data is not yet available for all of the

indicated potential noise sources,

3.5.2 Location of Noise Sources - The location of the

identified Skylab noise sources are indicated in figures 23

through 28. Figure 23 indicates the Skylab Orbital Configuration,

showing the relationships between the MDA, STS, AM and _#S.

Figure 24 depicts the location of the Fan/Muffler Assemblies

in the Multiple Docking Adapter. The noise sources located in the

AM/STS section are depicted in figures 25 through 26. Orbital

Workshop noise sources are indicated in figures 27 and 28. Figure

28 indicates experiment M074, the Specimen Mass Measurements

device. The electrical counter in this experiment is considered
to be a noise source.

3.5.3 Speech Interference Levels (SIL) - The preferred

frequency speech interference level (PS!L) was selected to assess

the speech-interfering aspects of the Skylab interior noise

sources. The preferred frequency speech interference lew, l is

defined as the arithmetic average of the sound pressure lew, ls in

each of the three octave bands with center frequencies of 500, I000,
and 2000 hertz. Reference 8 demonstrates that PSIL shows the

smallest expected variability over diverse spectra noise compared

to other rating methods and recommends the usage of PSIL for

assessing the speech-interfering aspects of noise. °
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The PSIL associated with the Skylab Interior Noise Criteria

in figure 1 is 56.? dB. For this PSIL value, face-to-face com-

munications at 14.7 psia ambient pressure are possible u_inB "a

normal voice" when a speaker and listener are less than five feet

from each other (see reference 8).

Figures 29 and 30 present the PSIL values in each Skylab

section due to operation of the Interconnect Duct Fan, Condensing

Heat Exchange and Ergometer. The PSIL's associated with the

Ergometer exceed the PSIL of the criteria; however, the Ergometer

is an intermittent noise source,and the criteria applies to

continuous noise sources.

Another rating system has been suggested which includes the

higher frequency noise: The Modified Speech Interference Level

(MSIL). MSIL is defined as the arithmetic average of the

sound pressure levels in each of the four octave bands with center

frequencies of 500, i000, 2000, and 4000 hertz. No correlation

between MSIL and speech interfering effects have been reported;

however, the MSIL permits a comparison of the noise produced by

equipment of a broad frequency range. The frequency range of the

MSIL is similar to the frequency range of the SIL (reference 7).

The range of the MSIL is 354 to 5660 hertz, while the frequency

range of the SIL is 600 to 4800 hertz. The MSIL associated with

the Skylab Interior Noise Criteria is 56.25. Figures 29 and 30

present the MSIL values in each Skylab section due to operation

of the Ergometer, Interconnect Duct Fan and Condensing Heat

Exchanger.

3.6 Additional Acoustic Data - Acoustic data which may

be of an experimental nature are discussed in this report. In

addition to these data, updated or new _coustic data applicable

to several other Skylab noise sources should be received in the

near future and will be presented at that time. A description

of some of these applicable noise sources is listed in the

following paragraphs:

a • STS Teleprinter. MDAC-E has recently modified the

Teleprinter by enclosing portions of it with sponge

rubber and 0.032 inch thick lead, in an attempt to

obtain additional noise reduction.
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.

b , Cabin Heat Exchanger Fan/Muffler (CHEM). The three fan

mode of operation exhibits the highest SPL's and will

be the mode of operation used in additional AM/STS

analyses in this report. This mode of operation exceeds

the Skylab Interior Noise Criteria at several octave

band frequencies for both the 14.7 and 5.0 psia a_Ibient

pressure conditions. Additional acoustic tests are

planned by MDAC-E utilizing different bellmouth shapes,

in an attempt to obtain additional noise reduction for

the noise source.

C ° OWS Cooling Module Fan/Muffler. The four fan mode of

operation exhibits the highest SPL's. It should be

noted that the 5.0 psia ambient pressure SPL's are more

severe than the SPL's at 14.7 psia ambient pressure.

This is due to extrapolated PWL data supplied by MDAC-E

based on similar fan data which was measured at 5.0 psia

ambient pressure.

Additional tests are planned by MDAC-E using several

other bellmouth shapes in an attempt to obtain additional

noise reduction.

d • During System Assurance Tests (SAT) of the AM/STS/MDA

in the MDAC-E vacuum chamber acoustic data should be

obtained applicable to AM/STS and _A fan noise sources

and can be used for update and verification purposes.

e . During subsystem tests in the OWS at MDAC-W acoustic

measurements shall be obtained, and these data will be

reviewed and correlated with existing data.

CONCLUSIONS

4.1 Airlock Module/Structural Transition Section

a • The OWS Interconnect Duct Fan has been modified to

decrease the peak octave band sound pressure level.

The resulting SPL's do not exceed the Skylab Interior

Noise Criteria.
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b , Condensing Heat Exchanger SPL's in the AM/STS exceed

the SPL criteria at 5.0 psia in tile mid-frequency

range. MDAC-E has recently made several modifications

to this noise source and the SPL's reported herein

reflect these modifications, resulting in _ significant

reduction in the high frequency noise.

4.2 Orbital Workshop Section

a • The MI71 Ergometer is considered to be an intermittent

noise source• Utilizing PWL data based on OWS Mockup

tests, the resulting SPL's exceed the Skylab Interior

Noise Criteria for continuous noise sources by I0 to

20 dB, for both 14.7 and 5.0 psia ambient pressures.

Both direct and reverberant sound energy effects were

incorporated into the analysis.

bo The M074 Specimen Mass Measurements and the M172

Body Mass Measurements have been identified as
intermittent noise sources. Measurements of noise

emitted from a flight article with a sound level meter

indicate a reading of 88dBA near the source and 80dBA

near the operator's ear. However, this high frequency

noise source is not expected to be hazardous.

C • The MI31 Revolving Chair has been identified as an

intermittent noise source. No data are available to

date.

4.3 Composite Sound Pressure Levels - Based on composite

SPL figures in this report, the following comments

are presented:

4.3.1 Airlock Module -

a • Composite SPL's in the AM at 5.0 psia due to operation

of OWS continuous noise sources do not exceed the

acoustic criteria and are not considered as a significant
noise contribution factor in the AM.

b , Composite SPL's in the AM at 5.0 psia ambient pressure

due to MI)A/STS continuous noise sources do not exceed

the acoustic criteria.
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C • Composite SPL's in the AM due to all continuous noise

sources at 5.0 psia exceed tile criteria by as much _is

10dB in the 250 through 2000 hertz octave bands. The

major contributor to this exceedence is the OWS Cooling

Module located in the AM.

4.3.2 MDA/STS -

a • Tile continuous noise sources in tile OWS produce composite

SPL's in the _DA/STS that do not exceed tile acoustic

criteria.

b . The OWS Cooling Module, located in the AM, produces SPL's

in the MDA/STS which exceed the acoustic criteria for

the I000 hertz octave band at 5.0 psia.

C . The composite SPL's due to MDA/STS continuous sources

exceed the acoustic criteria at 5.0 psia by less than

3 dB in the I000 hertz octave band.

4.3.3 Orbital Workshop -

a • The composite SPL's in the OWS due to operation of tile

AM, STS, and MDA continuous noise sources do not exceed

the acoustic criteria.

b . Operation of all OWS continuous noise sources (and

including the three portable fans) produce composite

SPL's which do not exceed tile acoustic criteri_ at 5.0

psia ambient pressure.

4.4 General Items

a . Acoustic data are not available for all of the indicated

potential noise sources. As these data become available

they should be analyzed since they may be significant

noise sources.

b. No acoustic criteria is presently defined applicable

to intermittent noise sources.
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° RECO_iME NDATIONS

a , Reverberation time data used to esti_!_ate MDA/STS/AM SPL's

discussed in this report are of a pt-eliminnry nature.

Due to the approximations involved, reveL'beration time

data should be obtained during MDA/STS/AM vacuui_

chamber tests scheduled to be performed at MDAC-F,, in

order to verify and update the analyses cont:'ined herein.

b • Acoustic data relating to recent modifications incor-

porated by MDAC-E applicable to the Teleprintel- sl_ould

be obtained and used to verify or update the qnnlyses

contained herein.

C • Acoustic data applicable to OWS noise sources and

informally received from MDAC-W should be ve_fied and

updated as measured acoustic data are made :_va[lable.

d. An acoustic criteria applicable to intermittent noise

sources should be investigated.

e • The effects of reduced pressure on speech and hearing

should be investigated, in addition to sounds in the

Skylab orbital environment _hich _ay produce fatigue o_-

annoyance as a result of long te_'m exposure.

f • Interior noise level measurements should be obtnined

during the Skylab mission• These data should be

analyzed and correlated with the predicted levels.

g • Additional acoustic data should be obtained applicable

to the IMC fans in order to ascertain their effc, ct on

Skylab SPL's as compared to the PLV fans.

No Acoustic data to be obtained during system and subsystem

tests at MDAC-E and b[DAC-_4 applicable to the AM/STS/MDA

and the OWS should be reviewed and correlated.
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6. NOTES

6.1 Abbreviations - The following abbrevi,qtions are used

in this report:

AM

CHEM

dB

dBA

DTA

oF

ft

Hz

IMC

1og I0

MDA

MDAC-E

MI)AC -W

Microbar

_C

MSC

MSFC

- Average Absorption Coefficient

- Airlock Module

- Cabin Heat E×changer Module

- Decibels

- Decibels measured with A-weighting

network

- Dynamic Test Article

- Temperature, Farenheit

- Feet

- Hertz (cycles per second)

- IMC Magnetics Corporation

- Logarithm to the base i0

- Multiple Docking Adapter

- McDonnell Douglas Astronautics

Company - Eastern Division

- McDonnell Dougl_s Astronautics

Company - Western Division

- A pressure of One Dyne Per Square

Centimeter

- Martin Mariett;1 Corporation

- Manned Spacecraft Center

- Marshall Space Flight Center
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MS IL

NASA

O,B,

OWS

P

PLV

psi

psia

PS IL

P_L

R

Ref

S

SIL

SPL

STS

SWS

T60

TL

V

VCS

- Modified Speech Interference

Level

- National Aeronautics and Space

Administration

- Octave Band

- Orbital Workshop

Pressure

- Post Landing Ventilation

- Pounds Per Square Inch

- Pounds Per Square Inch, Absolute

- Preferred Speech Interference

Level

- Acoustic Power Level

- Room Constant

- Reference

- Area

- Speech Interference Level

- Sound Pressure Level, dB

- Structural Transition Section

- Saturn Workshop

- Reverberation Time, Seconds

- Transmission Loss, dB

- Volume

- Ventilation Control System
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_DA/S TS

PSIL = 56.9

MSIL 54.0
MS IL 47

a. Ergometer Located in OWS

OWS

PSIL : 64.8

MSIL :- 61.1

OWS

MDA/S TS

MSIL 43.0

AM

PSIL = 42.6

MSIL = 39.6

PSIL = 26.0

MS IL - 22.8

b. OWS Interconnect Duct Fan Located in MDA/STS

MDA/S TS

PS IL : 54

MSIL 52

C •

OWS

IL = 51.6

IL 49.0

PSIL - 34.8

MSIL _ 32.1

Condensing Heat Exchanger Located in MDA/STS.

Figure 29. Speech Interference Levels Due to Individual Noise Sources

at 5.0 Psia.
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_s

MDAIS TS

MSIL 54.

AM

PSIL -- 63.3

MSIL - 59.4

PSIL -- 70.1

MS IL = 66.4

Ergometer Located in OWS

Figure 30. Speech Interference Levels Due to Ergometer at 14.7 Psia.
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Table ill Skylab Equipment and Experiment List

A. (omlllam] ._, _elvi e Module D. Instrument Unit F.

I, S-_S !_n_ IIR_ None

2. _mmt_LX tAghts (8 pieces)

_. Scimitar Antenna

, DoCklu 8 Light E. Orbital Workehop
_i Pitch Control Enginee

h. _rew }latch l, _ Hatch

/. t'_tt_t Control Engines 2. VCS Mixing Chamber & Filter

8, Ref_dezvous Window 3. VCS l_act

9. Y',rA !!_r_d !_olds 4. Storage Lockers

!el. _'VA Light 5, VCS Duct

]:. Side Window 6. Th_r_l Shield

_2. Roll EnRitlea (2 places3 7. 02 Press. Supply Line
!3. ):PS R_d[ator Panels (6 placel) 8. Meteoroid Shield

[4. S_ RCS Mod_le !4 places) 9. Water Containers (I0 places)

I _'. FX]S Radiator I0. Food Storage (2 places)

11. Storage Lockers

12. O_ Pre_,Regulatore for H20 Supply

b. x'L.Itiple I!ocktn_ Adapter 1-a. Sleep Reetralnte

14. Intercom Box

I. [?ockln_ Target 15. Storage Lockers Front & Beck

2. Fxperiment M512 Facility 16. Sleep Restraint

===_ 3. LCS :uct to Port 5 17. Sleep Restraint

4. Vacuum Vent Panel 18. Experi_nt MISI Equip. Stowage

5. Frame Klectricsl Umbillcel Container

b. Spare Fan Container 19. Storage Locker

7. Spare TigSt Container 20. Privacy Curtain

• _. Fil_ Vault No, I _21. Experiment MISI Rotating Chair

9. ELS Duct Control Conmole

tel. kxperlment 5082A Cannister 22. Storage Locker

el. Fli_ht :_ata File 23. Drying Area

L2. Speaker Intercom 24. Trash Disposal Airlock

[J. A'IM C_P Console 25. TV Outlet

14. Film Vault No. 4 26. Utility Outlets

l_. Film Vault No. 3 27. Food Heater

!b. Experiment SOO9 Support Structure 28. Proposed Window

17. DA Trues Motor (AM) 29. Intercc_n Box

18. Area Fan (2 places) 30. Storage Lockere

19. Film Vault No. 2 31. Solar Array Aeey.

20. DA Structure (AM) 32. Storage Cablneta

21. CO 2 Absorberm end Shima ]3. Ion Source Shleld

22. Docking Port No. 3 34. Utility Duller

23. Experiment S065 _ 35. Refrig./Freezer

24. Yxperlment SIOI Resupply 36. Fire Extinguiahar

2-. Experiment S!OI 37. Food, Water Heater & Chiller Table

tO. RLmni:_g Light :14 pieces) 38. Gravity Work Bench

27, F:xt_rnal Dart =_ 39. Brgo_oter

28. Vacuum Veal Connection for Experiment 40. C,_a Analyzer

M_12 41. Intercom Box

42. Helmet Box

43. Sxl,erim_nt Support System

C. Airlock Module --=_ 44. Lower Body Negative Frell. Devlce

45. OWS Control & Diiplay Con_ole

I. Windows (4 placee) 46. Interc_ Box

2. Molecular Sieves (2 places) _ 47. Rotating Chair

_. Discone Antennas (2 places) 48. VCS Duct

4. Ther_l Blanket 49. Crotch Area

5, 02 Tank_ (6 places) 50. _taorold Shield
6. Cabin Pre_s. Relief Valve 51. _e_l Shield

7. Suit Storage 52. Runnin_ Light (4 places)

b. Sic-Ned Cablo 53. Walte Storage Tank

9. Suit Storage _4. AFCS T_rueters

_0. :'ndefined Storage Vol. 55. Meteoroid Shield

:I. Camera Equip. Storage 56. Tr_h Dlipoaal Separation Screen

12. STS C&D Panel 57. AI_S GN 2 Spheres (15 places)

:3. 7bYe! Film Storage 58. Running Light (4 placei)

14. Forward Airlock Hatch 59. Solar Array Panels

I_ Tape Recorder 60. Acquisition Light

lb. Spare Pressure Control Unit 61. Interior Light

]7. _CA_ IVA Umbillcels _ 62. Food Storage Freezer

:R. AFq (ompartment Control Panel 63. L_mb Motion Se_or Aeey. Container

;9. _!eat Exchangerm 6_. Microbiological Speclm@n Freezer

27. Light Alsy. ---_65. Body Mass Measurement Device

2:. AFT Airlock Hatch 66. Force Measuring Unit

22. Lock Compartment EVA Panelm -,=_67. Proposed VCS Duct

23. Runnin_ Lights (A places) 68. Spares Container

24. _,, lanka (5 places) 69. Altro Aide Container

25. EVA IVA Vmbiltcala 70. Interior Lights

lb. ,_2.N? Panel 71. _Ctentlflc Airloek

-._2J. Suit _ooling Module 72. Data System

2_. _er_nerlt Storage 73. Force Maaeurlng Unit

74, VCS Fan Cluster

75. Food Container

76. Intercom Box

77. Suit Contalnar

78, E_rgency Accois

79. L'V Stellar Astronomy Container

80, N2 Tenk_ (3 places)

81.

M2.

H3.

84.

bT.

_S.

Orb£t0. l W_rksh_p LCo_tl_u:eJl

Fierce Meaet_r(,l_ _lt

Inlerlor ? lghtl

Metll Acceee

}_eat F_lte_- FeLl

FrnerRenc v Access

P_,r_a_.le W_ter _ot:le

[Elte: lot I t_hte

V(S F,:I _ Iueter

Food ( O_ltat,,er

C_,r_,tlagrap_. (oute_l ¸ i_perlme,_

_?. Sc!ec_ 1_(_ ¸ Alrlock

_%. !W X-Ray S_l-F'l_ot_ (Fxpez ltl,e,,t

Q4. Sample Array by_tem ( _,_rel,_er

q_. Water Mlcrc_b|_loKlcm! {O,ltro] ?.g_po
qS. l:t!litv (lut let

97. Pho[ometer _y_teill Collta_,ler

Foot Controlled _neuvezing !ln_t

(_xpe rimer_t I¸020)

Autom_ticallv Stebiltzed _neuver-

in R _:ntt (_:xperi_nt M_lq'l

I00. !:_ _ercom Box

IOI. Food (:oata!ners

102. Reltraints Conteil,er (_:xperime_t

M508)

103. Work Talk Board (Experiment M508)

104. Tool_

==_ 98.

•=_ 99.

P. Apollo Telescope Mount

1. Command Ant • nzla

2. Te le_t ry Antenna

3. ArM Solar Array Wing No. I

4. ATM Solar Array Win_ No. 2

5. _q_d Solar Array Win B No. 3

6. Co_nd Antenna

F. ArM Solar Array Wing No. 4

8. Telemetry Anteni_

9. Charger Battery Regulator Module

(b placel )

SO. Control Mo_tlt Gyro (3 places)

el. ATM Rsck

12. CMt; l,wee_or No. 3

13. Can_eter

14. AS&E Aperture Door k_xperLmeLlt

SOS41

15. N_L-A F_I= Rmtrleval [_oor

(Experiment S O_2A _

!6. Ha-2 Aperture Do_r

17. N3RL-B Aperture Door _Fxpmrlme_t

S082B )

18. N_I.-B Aperture DOor (Experi_a_

SOH2B

19. _L-A Aperture [_oor [YxperlmeHt

S0_IA !

20. FIC(_-A Aperture l_oot" L!xperlme,lt

S055A)

21. Fine Sun Senior Aperture D<_r

22. Acquisition S_:_ Seniors

23. H o -I Apert_re Door

24. }tAO Aperture i_oor (kxpel tee,It S0_2

25. CSF(" Apart re Door (Experlmeut

S056)
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Table IV . Experimenfl_ERD's Reviewed

EXPERIMENTE

TOE0*

TOO3
TO2?
TO13
TO18

M512

Mo74-
MI31*

M133-
MISI

M172-

MII3

Mlll

MII2

MII_

MO91
MO?l
M073
_O93
MITI*

DO21

DO24

SOO9
SO19
SO63
MOge*
M509"
SlSO
Sl_9
SO20

slgo
Slgl

slge
S193

T025

ESS

EI_EP

EXT TV

M415

M487

Proton Spec
S073

S183

S194

S195

T002

D_SCRIPTION

Foot Controlled Maneuvering Unit

Inflight Aerosol Analysie

Contamination Measurement

Crew Vehicle Disturbances

Precision Orbital Tracking

Materials Processing in Space

Zero Gravity Flammability

Specimen Mass Measurements
Human Vestibular Function

Sleep Monitoring Experiment

Time and Motion Study

Body Mass Measurement
Blood Volume and Red Cell Life Span

Cytogenetic Studies of Blood

Man's I_maunity - Inviro Aspects

Red Blood Cells

Pro-and Post-Flight LBNP

Mineral Balance

Bioassay of Body Fluids

Vectorea_diogram

Metabolic Activity

Expeadable Airlock Technology

Thermal Control Coatings

Nuclear Emulsion

Lr_ Stellar Astronomy (End Item Spot.)

UV Airglow Horizon Photography

Inflight LBNP

Astronaut Maneuvering Equipment

Galactic X-Ray MapplnE

Particle Collection

X-Ray/UV SolAr Photography

Multispectral Photographic Facility

Infrared Spectrometer

i0 Band Multispectral Sources

Microwave Radiometer

Coronagraph Contamination Measurement

Experiment Support System

Earth Resources Experiment

External Television

Thermal Control Coatings

Habitabillty/Crew Quarters

Proton Spec

Gegenscheln/Zodiacal Light

Ultra Violet Panorama

L-Band Radiometer

Earth Terrain Camera

Manual Navigations Sightlngs

i i l i

*Experiments Having Identifie'd Noise Sources


